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Notch Signalling: Receptor cis-Inhibition To Achieve
Directionality
Lateral inhibition, by which single cells become distinct from their neighbours,
can be mediated by Notch signalling during animal development. Signalling
directionality is presumably achieved by downregulation of the Notch ligand
in signal-receiving cells. New evidence suggests that cis-inhibition of the
receptor in the ligand-sending cell might also provide directionality.
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Notch signalling is used reiteratively for
a large variety of processes during
animal development. One conserved
principal function of Notch signalling is
the ability to distinguish one cell from
a group of equivalent ones in a process
referred to as ‘lateral inhibition’ [1].
Thereby, the ‘chosen cell’ sends
a signal, the Notch ligand Delta (Dl),
to the neighbouring equivalent cell(s)
and precludes them from adopting
the same fate by activating the Notch
receptor in these cells. Although the
establishment of the directionality
of the signal is complex and not
completely understood, it is commonly
accepted that a key mechanism in
this process is a negative feedback
loop in which cells receiving the
signal down-regulate Dl expression,
thus reducing their ability to signal
back [2]. This mechanism is called
‘trans-inhibition’ as Dl in the
signal-sending cell inhibits Dl in the
signal-receiving cell [1]. New
evidence presented by Miller and
colleagues [3] in this issue of Current
Biology challenges this view and
demonstrates that ‘cis-inhibition’
of the Notch pathway by Dl in the
signal-sending cell also plays a
role — at least during Drosophila
eye development.
The Drosophila compound eye is
formed by about 800 units called
‘ommatidia’, each of which comprises
8 photoreceptor neurons (labelled
R1 to R8) and several accessory
cells [4]. During eye development,
after the ommatidium founder cell R8
has been specified, the rest of the
photoreceptors (R1–R7) are recruited
by the reiterative use of the epidermal
growth factor (EGF) receptor and
Notch pathways. EGF is the
recruitment signal and the final
number of cells recruited is
controlled by Notch lateral inhibition
(Figure 1A). Dl is expressed in the
newly-recruited R-cells and signals
to the surrounding undifferentiated
progenitor cells to inhibit them from
adopting the R-cell fate [5]. Besides
this, two other directional Notch
signalling events take place during
R-cell specification: R3 signals to
R4 and R1/R6 signal to R7 [5]. The
latter constitutes a rather atypical
example of Notch directional
signalling in the sense that two
‘chosen cells’, R1 and R6, signal
redundantly to the third one, R7, in
order to inhibit the R1/R6 fate in this
cell [6,7]. Miller and colleagues [3]
cleverly exploit this peculiarity to
put the trans-inhibition model to
the test.
R1, R6 and R7 are the last
photoreceptors to be recruited into
the ommatidial cluster. R1 and R6 are
recruited together and start expressing
Dl. When the last photoreceptor, R7,
is recruited, Dl coming from R1 and
R6 activates the R7 fate (or inhibits
the R1/R6 fate). These three cells form
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Figure 1. Notch signalling during Drosophila eye development.
(A) Photoreceptor (R-cell) recruitment starts with specification of R8 by Notch-mediated lateral
inhibition in the morphogenetic furrow. Successive rounds of EGF receptor signalling (recruit-
ment signal) and Notch activation (inhibitory signal) lead to sequential recruitment of all other
R-cells. R1/R6 and R7 are the last photoreceptors to be recruited. (B) Signalling by the Notch
ligand Dl from R1/R6 activates Notch in R7. Reversal of the signal direction can, in principle, be
avoided by two mechanisms: trans-inhibition of Dl in the signal-receiving cell or cis-inhibition
of Notch in the signal-sending cell. (C) According to the trans-inhibition model, removal of Dl
from only one cell of the R1/R6 pair has no effect on cell fate as Dl provided from the other cell
of the pair is able to activate Notch which, in turn, down-regulates Dl. (D) The cis-inhibition
model predicts that removal of Dl from only one cell of the pair has no effect on R7 fate, as
it can be provided by the remaining wild-type cell. Nevertheless, as Dl is no longer cis-inhibit-
ing Notch in the Dl mutant cell, Dl coming from R7 is now able to signal and transform this
mutant cell into R7. This is indeed what Miller and colleagues [3] have observed.
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an equivalence group as any cell with
active Notch signalling will adopt
the R7 fate while any cell with
inactive Notch will adopt the R1/R6
fate (Figure 1B). Although R7 also
expresses Dl once recruited, the
signal always goes from R1/R6 to R7
[6,7]. A classic view of the problem
assumes that directionality of the
signal from R1/R6 to R7 relies on the
early expression of Dl in R1/R6, which
in turn down-regulates Dl expression
in R7. If this view is correct, removing
Dl from only one cell of the R1/R6
pair would cause no fate changes at
all, as a Dl signal could still be
provided by the remaining wild-type
cell (Figure 1C).
However, this experiment, performed
by Miller and colleagues [3], shows
a very interesting result: removing Dl
from only one of the cells of the R1/R6
pair has no effect on the fate of R7, as
predicted by the classical model, but
it unexpectedly causes the mutant
cell to become R7 as well. This fate
transformation is dependent on Dl
activity in the endogenous R7.
Consistently, when R7 and either R1
or R6 are mutant for Dl, no fate
transformation is observed. The other
cell of the R1/R6 pair, which is wild
type for Dl, should also be exposed to
the signal from R7, but it does not
respond. This result is in agreement
with a model in which Dl cis-inhibits
Notch in R1/R6 and precludes
a reversal of the signal (Figure 1D).
Why, then, is Notch not cis-inhibited
by Dl in R7? By the time R7 starts
expressing Dl, Notch has already
received the signal from R1 and R6
and the R7 fate is already established.
Indeed, forced early expression of
Dl in the R7 precursor causes this
cell to adopt the R1/R6 fate [3].
It is well established both in
vertebrates and Drosophila that
overexpression of the ligands leads
to inhibition of Notch signalling in the
overexpressing cells [8,9]. However,
a physiological role for cis-inhibition in
attenuating Notch signalling has only
been described during wing margin
development, a process in which the
involved cells both send and receive
the signal and no unique directionality
is specified [9]. This is due, at least in
part, to the fact that cis-inhibition is
a difficult mechanism to address
experimentally. During lateral
inhibition, experimental removal of Dl
from signal-sending cells leads to
Notch activation and cell fate
transformation that could be explained
either by lack of inhibition of Notch
in the same cell (cis-inhibition) or lack
of inhibition of Dl in the surrounding
cells (trans-inhibition). It is thus of
great importance — as Miller and
colleagues have done [3] — to choose
a system in which two equivalent and
redundant signal-sending cells can
be compared side by side in order to
distinguish between these two
possibilities.
If the role of cis-inhibition has
remained somewhat obscure, the
molecular mechanism by which
ligands are able to inhibit Notch is not
more straightforward. The simplest
explanation involves direct physical
interaction and, indeed, interaction
between Notch and its ligands
has been observed both inter- and
intra-cellularly [8,10]. Furthermore,
recent results suggest that the
same domains in Notch and the
ligands are responsible for
trans-activation and cis-inhibition
and two modes of molecular
interaction (parallel and antiparallel)
could result in inhibition versus
activation [11]. In any case, it is not
clear what the effect of intracellular
interaction of Notch and its ligands
is. Cell culture assays have shown
that Notch can be trapped inside the
cell, making it impossible for it to
receive signals from surrounding
cells [8], although studies in
Drosophila suggest that cis-inhibitory
interactions could take place at the
plasma membrane [10].
Whether cis-inhibition has a
prominent role in other events
controlled by Notch directional
signalling or not still remains to be
addressed. Strikingly, Miller and
colleagues [3] show that removal of
Neuralized (Neur), an E3-ubiquitin
ligase required for Dl signalling [12,13],
indeed disrupts the ability of Dl to
signal and, more interestingly, R1/R6
cells mutant for neur do not acquire R7
fate. This suggests that Neur is not
involved in the process of Notch
cis-inhibition by Dl. This interpretation
is consistent with described results
obtained with a modified form of
Serrate, the other ligand of Notch in
Drosophila. This modified version
of Serrate carries a deletion that
renders it incapable of interaction
with Neur and, when overexpressed,
it is unable to trigger Notch
trans-activation, as expected, but
it retains its cis-inhibitory activity,
suggesting again that Neur may not
be required for this aspect of ligand
function [10]. If Neur proves to be
necessary only for Dl trans-activation
activity, Miller and colleagues [3]
might have uncovered an excellent
tool to study the phenomenon
of Notch cis-inhibition in other
contexts.
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